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ABSTRACT 
The chemistry of macrocyclic compounds has been an interesting and 
fascinating area of research activity during last few decades. It lies at the 
center of organic and inorganic chemistry and became the basis for 
development of bioinorganic chemistry. The continued efforts of chemists to 
proliferate this chemistry is not only due to structural novelities of these 
compounds but also because of their varied applications. The idea conceived 
to work for Ph.D. thesis in this area aims to design polyaza macrocyclic 
ligands / macrocyclic complexes via organic and template procedures 
showing new structural features and anti-microbial activities. The work 
embodied in Ph.D. thesis is presented in five chapters described below: 
First chapter gives a brief but comprehensive account of work carried out on 
several classes of macrocycles with special emphasis on saturated 
macrocycles, Schiff base macrocycles, pendant arm macrocycles, etc. The 
various aspects covering synthetic strategies, properties, functionalities, 
reactivities, structures and applications of macrocyclic compounds have been 
extracted from different reviews, articles and hundreds of research 
publications reported by eminent workers during past few decades. 
Second chapter deals with the basic principles and theories of various 
techniques viz., infrared spectroscopy (IR), proton nuclear paramagnetic 
resonance spectroscopy ( 'H-NMR), electron paramagnetic spectroscopy 
(EPR), ultra-violet and visible spectroscopy (UV-visible), magnetic 
susceptibility measurements, molar conductance measurements, mass 
spectrometry, and elemental analyses. These techniques were applied to 
ascertain the stochiometry, nature and molecular geometry of the newly 
synthesized macrocyclic ligands and / or complexes. 
Third chapter comprises of the synthesis and characterization of 12-
membered Schiff base tetraazamacrocyclic ligand and its complexes, their 
antimicrobial and reducing power. The ligand, 2,3:8,9-diphenathrene-
5,6:11,n-dibenzo-l,4,7,10-tetraazacyclododecane, (L) ligand was 
synthesized by [2+2] condensation reaction between 9,10-
phenathrenequinone and o-phenylenediamine. The composition of the 
macrocyclic ligand (L) was confirmed by the fragmentation of M^ through EI-
mass spectrum and elemental analyses. The appearance of absorption band in 
the 1520-1590 cm'' region characteristic of v(C=N) and absence of absorption 
band and proton resonance peaks corresponding to the aromatic primary 
amine in FT-IR and 'H-NMR spectra, respectively, confirm the formation of 
the proposed macrocyclic framework of the ligand and its complexes, 
Dichloro / Dinitrato(2,3:8,9-diphenatbrene-5,6:ll,12-dibeDzo-l,4,7,10-
tetraazacyclo-dodecane)inetal(II) [MLX2] and (2,3:8,9-diphenathrene-
5,6:1 l,12-dibenzo-l,4,7,10-tetraazacyclo-dodecane)copper(II) chloride / 
nitrate [CuLJXz (M = Co(II), Ni(II), Zn{II); X = CI", NO3 ) formed by the 
reaction of the macrocyclic ligand (L) with transition metal ion in 1:1 molar 
ratio. The molar conductance measurements show non-electrolytic nature of 
all the complexes except that of copper(II) complexes, which show 1:2 
electrolytic nature. However, the magnetic susceptibility data and the band 
positions in the electronic spectra confirm the octahedral geometry of Co(II) 
and Ni(II) complexes while a square planar geometry has been noticed in case 
of the Cu(II) complexes. The ligand (L) and its complexes have been screened 
against different fungi and bacteria in vitro. The reducing power of Co(II) and 
Cu(II) complexes has also been compared in terms of their potential as 
antioxidants. 
Fourth chapter discusses the synthesis, physico-chemical, antimicrobial 
studies on 14 and 16-membered hexaazamacrocyclic complexes bearing 
pendant amine groups. A series of 14 and 16-membered Ne macrocyclic 
complexes, Dinitrato(l,3,5,8,10,12-hexaaza-3,10-N,N'-diaminocyclo-
decatetrane) metal(U) [ML^NOj)!], (U,5,840,12-hexaaza-3,10-N,N-
diaminocyclo-decatetrane) copper(II) nitrate {CUL'](N03)2 and Dichloro 
(1,3,5,9,1 l,13-hexaaza-3,l l-N^''-diaminocyclo-decahexane)metal(II), 
[ML^Ch], (l,3,5,8,10,12-hexaa2a-3,10-N,N^-diaminocyclo-decatetrane) 
copper(n) chloride [CuL j^Cb {M = Co(II), Ni(n) and Zn(II)} have been 
synthesized via template condensation procedure by reacting 1,2-
diaminoethane or 1,3-diaminopropane, hydrazine hydrate and formaldehyde 
in 2:2:4:1 molar ratio. The results of elemental analyses compliment the 
proposed macrocyclic framework of the resulting complexes, further 
confirmed on the basis of appearance of a conspicuous strong absorption band 
tHiiSlS 
in the 3210-3260 cm'' region and corresponding proton resonance signals in 
the region 5, 7.10-7.16 characteristic of secondary amine groups observed in 
the IR and *H-NMR spectra, respectively, due to the condensation. The 
covalent or the ionic nature of the complexes has been deduced from molar 
conductivity data. The spectral studies, UV-visible and EPR and magnetic 
moment studies on individual metals helped in ascertaining the geometry 
around the metal ion. The macrocyclic complexes of Co(II) and Ni(II) showed 
octahedral geometry while that complexes of Cu(II) were square planar. 
Fifth chapter accounts for the metal directed synthesis of a series of 18-
memberedNfi hexaazamacrocyclic complexes of types, [MLX2] and [CuL]X2 
{ M = Co(II), Ni(n), Zn(II); L = (2,4:ll,13-dipyridyl-7,8:16,17-dibenzo-
l,3,5,10,12,H-hexaazacyclooctadecane); X - CI", NO3" } synthesized by 
condensation reaction between 2,6-diaminopyridine and a,a'-dibromo-o-
xylene in presence of metal ion in 2:2:1 molar ratio. The proposed metal to 
ligand ratio corresponds to the results of elemental analyses. The evidence 
regarding the formation of macrocyclic complexes have been deduced from 
the appearance of the secondary amine band (ca. 3200-3270 cm'^  region) and 
loss of primary amine band in the IR spectra and multiplet proton resonance 
signal in the 6, 6.65-6.67 region characteristic of (C-NH-C; 4H) of secondary 
amine moieties in the 'H-hfMR spectrum of Zn(II) complexes. The low molar 
conductance values of all the complexes in DMSO support the non-ionic 
nature of the complexes except the copper complexes, which are ionic in 
^txii^^ 
nature. The magnetic susceptibility data and band positions in the electronic 
spectra of Co(II) and Ni(II) complexes confirm an octahedral geometry and 
copper(II) complexes have square planar geometry. However, the EPR 
spectrum of Cu(II) complexes show considerable exchange interaction of 
Cu^ ^ ions in the unit cell. 
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INTRODUCTION 
Nature has attracted human mind since ages for its uniqueness with diversities 
and similarities. This made human race a special force in nature that explores 
and exploits it to learn and mimic them for their benefits. So, has the 
coordination chemistry of macrocycles -porphyrins and related systems- for 
an aeon. This led the chemist all over the world to explore a new field in 
coordination chemistry, known as macrocyclic chemistry. *A macrocycle has 
been defined as a cyclic molecule with three or more potential donor atoms in 
a heteroatom ring of at least nine atoms'. Until the 1960's only the 
phthalocyanins and various isolated compounds such as Alphen's cyclam 
(1,4,8,11-tetraazatetracyclodecane) and the polyethers of Luttinghan were 
available. It was in this era that saw the advent of a range of 
polyazamacrocyclic ligands and of Pedersen's crown polyethers. Though 
since 1930's thioether analogs of the crown ethers have been known but metal 
ion complexes of these ligands have not been investigated with the intensity 
for crowns and polyazamacrocycles. These discoveries led to more systematic 
studies of macrocycles and their metal complexes and as such provided the 
comer stones on which supramolecular chemistry has been built (Figure 1). 
This fascinated the chemists and led to the quest in designing new 
macrocyclic ligands which stems mainly from their use as models for protein-
metal binding sites in a substantial array of metalloproteins in biological 
systems [1,2], as synthetic ionophores [3,4], as models to study the magnetic 
exchange phenomena [5,6], as therapeutic reagents in the chelate therapy for 
the treatment of metal intoxication [7,8], as cyclic antibiotics that owe their 
antibiotic actions to specific metal complexation [9], as the basis for the 
study of guest-host interactions [10,11] and as their role in catalysis [12,13]. 
Zl 
Supramolecular 
Assembly 
Curtis 
Jager 
/ • • 
Pedersen 
I/: 
Busch 
Phthalocyanins ! 
Nature's macrocycles 
Figure 1. The growth of supramolecular chemistry. 
Recognition of the importance of complexes containing macrocyclic ligands 
has led to a considerable effort being invested in developing reliable 
inexpensive synthetic routes for these compounds [14,17]. Several classes of 
macrocyclic ligands, such as saturated polyazamacrocycles, imine Schiff base 
macrocycles, oxazolidme-containing macrocycles, polyoxa- and 
oxaazacoronands (I), crown ethers (2), cryptands (3), cavitands, calixarenes 
(4), carcerands, cyclodextrins, cryptophanes, hemispherands (5), catenands 
(6), cyclcophanes, compartmental macrocyclic ligands which form homo and 
heterodinuclear complexes, structurally reinforced macrocycles, redox 
responsive macrocycles, photoresponsive macrocycles, pH-responsive 
macrocycles, chromogenic macrocycles, siderophores, sepulchrates (7), 
spherands (8), molecular clefts, cyclidenes (9), bibracchial macrocycles, and 
macrocycles containing pendant arm have been synthesized. 
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The main target in macrocyclic design is to synthesize macrocycles, which are 
able to discriminate among the different metal cations. Many factors 
influencing the selectivities of macrocycles for cations have been determined 
viz., the macrocycles which contain varying combinations of aza (N), oxa 
(O), phospha (?) and sulfa (S) ligating atoms can be tailored to encapsulate 
specific metal ions; the fine-tuning of the ligand design features (such as the 
macrocyclic cavity size, nature of the ligand donors, donor sets, donor array, 
ligand conjugation, ligand substitution, number and size of the chelate rings, 
ligand flexibility, the nature of the ligand backbone or overall ligand 
topology) [18]; the natural order of stability constants; the metal ion ligand 
donor compatibility derived from hard and soft acid and base character; and 
the preferential site symmetry required by the metal ion [19]. The match 
between the cation and the macrocyclic cavity diameter is especially visible in 
C&ff^f 
small cryplands and other preorganized macrocycles, such as calixarenes and 
spherands. In these cases, size selectivity goes together with lack of flexibility 
of the ring, which is too rigid to undergo conformational changes upon 
complexation. The influence of the cavity shape is envisaged in some 
calixarenes which exhibit very high "coordination-geometry selectivity" 
towards UO2 ^ [20]. For the first row transition metal ions the consecutive 
increment in radii are not large so it becomes difficult to effect discrimination 
solely on the cation-cavity "best fit" (Scheme 1). 
+ H2N O 
H2N O NH: 
NH: Sr2^ Pb^^ 
Mg 2+ 
•O O 
\ I 
Scheme 1 
Molecules of rigid types such as small cryptands and other preorganized 
macrocycles discriminate between cations that are either smaller or larger 
than the one with the optimum size -"peak selectivity", Macrocycles of 
flexible type, such as larger crown ethers and large cryptands discriminate 
principally among smaller cations - "plateau selectivity" [21]. The number, 
kind and arrangement of donor atoms also play important roles in macrocyclic 
selectivities: oxygen donors in classical crown ethers have the largest 
affinities for alkali, alkaline earth and lanthanide cations, nitrogen donor 
atoms favor transition metal cations, sulfur donor atoms favor Ag*, Pb^"*" and 
Hg^"*" [21]. Incorporation of pyridine (10-12), benzene (13), cyclohexane rings 
(14), and other constituents into flexible macrocyclic skeletons induces 
rigidity which may alter both ligand binding strength and selectivity. 
Selectivities may also be modified by variation of side arms as two 
carboxylate groups in l,10-diaza-18-crown-6 (15) show unique selectivity 
towards lanthanide cations as a group [22]. 
^ ^ 
. . - ^ 
dSfv^f 
NH HN 
(11) 
N' 
N N 
H 
NH N 
\ / 
(12) 
(&¥^^ 
UV 
n = 2,3.4.5 
(14) 
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HOOCH2CN NCH2COOH 
(15) 
The majority of all nitrogen-donor macrocycles that have been studied are 
quadridentate, e.g., ligands (16) and (17). To flilly encircle a first row 
transition metal ion, a macrocyclic ring size of between 12 and 16 members is 
required, provided that the nitrogen donors are spaced in such a way leading 
to five-, six-, or seven-membered chelate rings on coordination [23,24]. 
,NH HN. 
\ NH HN' 
(16) (17) 
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Ligands incorporating sulfur donors show a preference to bind transition 
metal rather than alkali and alkaline earth ions due to the soft nature of sulfur. 
An important aspect of the chemistry of these ligands pertains to the 
preference of the free ligand for exodentate conformations in which the sulfur 
atom lone pairs are directed outwards (18) [25]. Sulfur donor macrocycles 
having more than 13-members may encapsulate transition metal ion of larger 
ionic radii [26]. A number of larger ring macrocycles containing more than 
four donor atoms (19) and (20) have also been prepared [27-29] which 
coordinate to a transition ion with favorable coordination geometry expected 
due to their ability to twist. 
(18) 
Examples of relatively larger-ring ligands [30] incorporating more than one 
transition metal ion are also knov^ (21). However, these have been observed 
more frequently with polyether macrocycles incorporating the non-transition 
metal ion [27,31] like alkali and alkaline earth metal ions. Another category 
of polydentate macrocycles includes the polycyclic 'cages', which completely 
encapsulate the metal ion on coordination. A number of such complexes [32] 
having unusual coordination geometries have also been synthesized (22). It is 
now understood that there is a need in several areas for a rational approach 
towards ligand design for selective complexation of metal ion in solution [33]. 
Several macrocycles and metal complexes containing mixed donor groups 
have been reported [34,35]. 
0,N 
(19) (20) 
13 
2-f 
(21) 
F'.B 
< > 
M 
/ \ 
•N ^ N -
•O 
\ 
E 
/ 
BF. 
(22) 
Fenton and co-workers [19,36,37] have investigated the design and synthesis 
of oxaazamacrocyclic ligands with varying ring sizes and flexibilities 
including both weak and strong donor atoms in varied donor sets and 
14 
^few 
sequences in order to define the principles underlying transition metal 
selectivity by macrocyclic ligands. Such discrimination is based on structure 
or stereochemistry. This behavioral trend is well documented by the work of 
Tasker and co-workers [38,39]. Lindoy and co-workers [40] have developed 
design strategies for new macrocyclic ligand systems that are able to 
recognize particular transition and post transition metal ions and studied [38, 
41-45] the discrimination of metal ion by ligands following the occurrence of 
"structural dislocation" along a series of closely related mixed donor ligand 
systems. Structural dislocation is associated with a sudden change in the 
stability constant (K) value of cation-macrocycle interaction for a particular 
metal ion v^ i^th a series of closely related ligands [43,44]. It has been noticed 
that such dislocation occurs with the gradual change in coordination geometry 
for the complexes of adjacent ligands. The influence of solvent [46-53] and 
counter anion [54-57] on macrocyclic selectivities is also well known and has 
been extensively studied. 
Macrocyclic ligands with pendant donor groups represent another class of 
ligands deliberately synthesized to achieve metal ion discrimination. 
Macrocycles with pendant groups bearing neutral oxygen donors have been 
synthesized in abimdance mainly due to the synthetic simplicity [58-64]. It 
has been reported [65] that the selectivity of macrocycles for larger metal ions 
may be increased by adding groups bearing neutral oxygen donors as 
illustrated for the ligand without pendant groups, which have a modest 
selectivity for the larger Pb^ "*" ion over the smaller ions. Greater selectivity is 
15 
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easily achieved by adding more oxygen donors to the pendant group in (23) to 
yield (24). Murase and co-workers have reported [66,67] that the addition of 
N-tosylaziridine to cyclam followed by detosylation with HBr-CHsCOOH 
yielded the tetrakis(2-aminoethyl) pendant arm cyclam. Variations on the 
procedure have allowed the addition of pendant arms onto other macrocycles 
[68-71]. 
(23) (24) 
Macrocycles with saturated chains and large cavity sizes have greater 
flexibility [14-17]. Unsaturation imposes steric constraints on the molecule to 
the extent that when donor atoms are connected via an aromatic system e.g., 
phthalocyanins, flexibility is at minimum. The nature of cavity is influenced 
by the number of donor atoms in the macrocycle and its degree of flexibility. 
16 
If a substrate is too small for a given ligand cavity the resulting complex will 
be destabilized by substrate receptor repulsions and ligand deformation. On 
the other hand, for a substrate that is too large for a macrocycle, destabilized 
complexes will result due to poor ligand substrate binding contact or 
unfavorable ligand deformation in order to achieve binding contact. Ligand 
flexibility and shape are also controlled by the dimensionality of the 
macrocycles. The dimensionality of a macrocycle is defined [14-18] in terms 
of the highest number of edges to which a vertex is attached. A vertex is 
mostly defined by donor atom. Simple unappended monocycles are 
bidimensional while the bi- as well as tri-cyclic systems are tridimensional. 
Recently, large number of reports [72,73] have appeared concerning the 
chemistry of specifically functionalized macrocycles where the complex 
contains reactive groups, which are not directly coordinated to the metal ion 
but are available for further reaction. These systems have been proposed for a 
variety of uses, for example, in the tagging of tumors using technetium 
containing macrocycles covalently bound to an antibody which is specific for 
the tumor cells [74,75] or in the production of novel synthetic membrane 
materials [76]. 
It is pertinent, at this point, to consider why macrocyclic ligands often yield 
complexes which show unusual properties (compared with similar complexes 
of related open-chain ligands). The reasons are as follows: 
Firstly, the enhanced stability of metal complexes of macrocyclic ligands over 
linear polydentate ligands is attributed to various structural effects namely. 
17 
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macrocyciic effect, chelate effect, cryptate effect and multiple juxtapositional 
fixedness (MJF) [77]. These effects, which have been found to give stronger 
complexes, arise from the structural factors, size, shape or geometry, 
connectedness or topology and rigidity of the macrocycle. The figure 2 
displays the general observation, the affmity between the ligands of a 
particular kind, amines as the example, and a given metal increases the 
increasing topological constraint of the Hgand system. The topological 
constraint is in order, simple coordination < chelation < macrocyciic effect < 
cryptate effect. 
Increasing Topological Constraint 
Coordination Chelation Macrocyciic Effect Cryptate Effect 
Figure 2. Topology and the Chelate, Macrocycle & Cryptate Effect. 
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Secondly, on complex formation, it is apparent that geometrical factors 
arising from the cyclic nature of the ligands often impose additional 
constraints on the positions of the donor atom. As a reflection of these 
constraints, macrocyclic ligand complexes containing unusual metal-donor 
atom bond distances, unusual bond angles, or grossly strained chelate ring 
conformations are all Icnown. A few examples, of constraints of the latter type 
leading to complexes, which have unusual coordination geometries, have also 
been reported [24,78-80], 
Thirdly, if the cyclic ligand is fully conjugated and incorporates (4n+2)7t 
electrons then enhanced electron delocalization and ligand stability are 
characteristic of the resulting HUckel aromatic system. 
Lastly, cyclic ligand complexes are usually found to be considerably more 
stable thermodynamically and kinetically (with respect to the dissociation of 
the ligand from the metal ion) then their conesponding open-chain analogues. 
Such properties seem to be an intrinsic feature, related to the cyclic nature of 
the ligands and have been collectively referred to as the macrocyclic effect 
[81,82]. 
To achieve desired macrocyclic ligands and their complexes, various 
synthetic strategies have been developed. (1) By metal-ion promoted 
reactions. (2) Conventional organic synthesis of the ligand. (3) Modification 
of a compound prepared by (1) and (2). Out of which two techniques have 
been mostly used with fruitful results: In situ procedures involving 
19 
cyclizations in the presence of metal ion and second by direct conventional 
organic synthesis. 
Great variety of azamacrocyclic complexes has been formed by condensation 
reactions in presence of metal ions (metal template). The majority of such 
reactions have imine formation as the ring-closing step. Tetraazamacrocycles 
with 14- and to a lesser extent 16-membered predominate. While, amongst the 
various first transition series Ni(II) and Cu(II) are the most widely active 
metal ions in the template procedure [83]. The earliest example of a synthetic 
macrocyclic ligand containing an imine linkage stems from the work of Curtis 
and was derived from the mixed aldol condensation of acetone with nickel(II) 
ethylenediamine complexes [84] (Scheme 2). The metal ion plays an 
important role in directing the steric course of the reaction and this effect is 
termed "metal template effect" [24]. The metal ion may direct the 
condensation preferentially to cyclic rather than polymeric products (the 
kinetic template effect) or stabilize the macrocycle once formed (the 
thermodynamic template effect). 
/ = 0 y-NH ^N=< I >-NH NH—r ' AJ ^ Q»o- ^^^ INI / 
Scheme 2 
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The first example of a deliberate synthesis of a macrocycle using this 
procedure was described by Thompson and Busch [33] as shown in Scheme 3. 
Scheme 3 
The last two decade or so has seen an extension of this technique and 
successful attempts have been made to even use organo-transition metal 
derivatives as templating instruments to generate a few tridentate cyclononane 
complexes [85,86]. The diimine SchifF base macrocycles obtained by the 
condensation of one molecule each of the dicarbonyl and diamine precursors 
have been termed as "1+1" macrocycles and the tetraimine macrocycles 
obtained by the condensation of two molecules of the dicarbonyl compounds 
with the two molecules of the diamine moiety have been termed as "2+2" 
macrocycles as a consequence of the number of head and lateral units present 
[87-89]. Curry and Busch reported [90] the iron(II) templated condensation of 
2,6-diacetylpyridine with triethylenetetraamine to give iron(III) complexes of 
a pentaazadiimino macrocycle (25) and Jager showed that the reaction of p-
diketoiminato complexes with 1,2-diaminoethane gave metal complexes of a 
tetraazadiimino macrocycle [91]. It has been generally found that for the 
larger Schiff base macrocycles the transition metal cations are ineffective as 
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templates [85]. Trans-metallation reactions [85,87,92,93] have been 
successfully employed for such macrocycles. This approach has been 
particularly successful when applied to the generate di-nuclear Cu(II) 
complexes of tetraimine Schiff base macrocycles. The latter has been used as 
speculative models for the bimetallobiosites in cupro-protein such as 
haemocyanin and tyrosinase [94]. In all of these complexes, the product was 
recovered as a metal complex and no macrocycle was obtained in the absence 
of metal ion. 
^ / ^ 
H,C 
(25) 
Self-condensation of aminocarbonyl compounds in presence of suitable metal 
ions to form cyclic tetramer (26) and sometimes the trimer (27), is the best 
known example (Scheme 4). A variety of macrocyclic complexes has been 
derived from reactions as cis- diaza compounds with carbonyl compounds 
[27-30]. A few examples of macrocyclic complexes which have adjacent 
nitrogen atoms (cyclic hydrazines, hydrazones or diazines) are formed by 
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condensation of hydrazine, substituted hydrazine or hydrazones with carbonyl 
compounds as shown in Schemes 5, 6 and 7. Reactions of amines with 
monocarbonyl compounds take part in macrocyclic condensations of two 
types. The first, represented by the reaction of [Ni(en)3]^ '*' with acetone forms 
isomeric[14]dieneN4 macrocycle complexes (28) and (29) with the amine-
imine bridging group linking the amine residues derived from two acetone 
residues [95]. 
^ ^ = * ^ 
CHO 
M 
NH. 
% ^ 
Scheme 4 
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Scheme 7 
(28) (29) 
The second type of reaction of a monocarbonyl compound to yield a 
macrocycle product is represented by the condensation of [Ni(en)2]^ * or 
[Cu(en)2]^ * with formaldehyde in the presence of a suitable nucleophile 
25 
(Scheme 8) [96-97]. Bora-substituted aza macrocycles are formed by reaction 
of oxime complexes with boron compounds e.g. (30) and (31) are formed 
with boron trifluoride. 
/ 
.N. 
,NH NH 
\ y ^ 
NH NH 
CH2O ,^ 
RNHr 
M = Ni^*, Cu^* 
CH2O 
EtNO: 
Me^ ,N02 
NH NH 
M *^ 
NH NH 
Me NO2 
Scheme 8 
Me 
F2 
.N N. 
M A/ \ ^ Me 
(30) 
F2 
M 
Ax / \ . ^ 
/ ^ ^ N N R 
"B' 
F2 
(31) 
The synthesis of macrocycHc complexes by the metal template method was 
extended by the use of s- and p- block cations as template devices to 
synthesize penta- and hexa-dentate Schiff base macrocycles [92,93,98-101] 
26 
and a range of tetraimine Schiffbase macrocycles [87,88,98,99,100-104]. The 
template potential of a metal ion in the formation of a macrocycle depends on 
the preference of the cations for stereochemistries (octahedral, tetragonal, 
square planar, or square pyramidal) in which the bonding d-orbitals are in 
orthogonal arrangements. The anions are also important to the template 
process because the balance between the size of the cation and anion will 
determine the degree of dissociation of the metal salt in the reaction medium 
[105]. Pedersen reported [31] the cyclic, or 'crown', polyethers, first 
synthesized from the reaction of catechol with a,co-chloroethers in the 
presence of alkali metal cations. However, in the ligand (32), the metal cation 
was not retained and it was proposed that the role of the metal was to organize 
the transition state, which preceded the formation of the macrocycle. The role 
of the metal ion in these metal ion templated cyclizations is to control the 
supramolecular assembly by precyclization fragments, most likely through 
metal complexes derived from the precursors. The desired cyclization product 
then results from an intramolecular interaction in the transition state. 
(32) 
27 
Though in cyclic polythioether analogs, the metal ion could be coordinated in 
the expected enclosed fashion for several metal ions including the nickel(II) 
complex (33) [106] or in exodentate form as found for niobium(IV) and 
mercury(II) chlorides (34) and (35), respectively [107,108]. 
(33) 
CI///,,, I >CI 
(34) (35) 
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Rosen and Busch [24,109,110] has used the reaction sequence in Scheme 9 to 
prepare the quadridentate macrocycles (36) and (37). 
J. 
,s s. 
(36) 
,s s. 
SH HS ' 
NaOEt in EtOH 
-S S> 
2Na* 
's- s' 
Scheme 9 
(37) 
The unsubstituted saturated aza macrocycles, the family of cyclic secondary 
amines, are generally prepared by the conventional synthesis. Similarly, other 
types of aza macrocycle, particularly cyclic amides [95] and macrocycles with 
29 
N=CRCR=CRNH functions are also prepared conventionally. Typically, in 
these preparations the cyclization reaction is preformed under conditions of 
moderate to high dilution in order to minimize competing linear 
polymerization reactions. A typical reaction involved the condensation of the 
tosylated reactants and by heating in DMF at 100°C for Ih. The tetratosyl 
derivative was obtained in 80% yield, the tosyl groups were readily removed 
by heating this product in concentrated sulfuric acid as shown in Scheme 10. 
r r r 
TS N '^  " DMF Ts ^ ^s _.._ _ ) . N Ts 
S V 
Ts Ts Ts 
ilH 
H 
N-
NH 
H 
Scheme 10 
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Stetter and Ross reported [111] moderate cyclization yields in the 
condensation of terminal dihalides with bis$ulfonamide sodium salts under 
high dilution but Richman and Atkins [112] found that using preformed 
bissulfonamide sodium salts and sulfonate ester leaving groups in a dipolar 
aprotic solvent obviates the high dilution technique as shown in Scheme 11, 
Thus, large-scale preparations are practical. 
Ts 
NNa* 
Ts—-N N: Ts 
N'Na* 
Ts 
X = OTS, OMS 
= CI, Br, I 
R N N R 
R = Ts 
= H- HCI 
Scheme 11 
A variety of mixed donor macrocycles has been synthesized having nitrogen -
oxygen, sulphur -nitrogen and sulphur -oxygen. A series of mono- and 
bicyclic macrocycles containing both nitrogen and oxygen atoms has been 
synthesized by Dietrich, Lehn and Sauvage [113-115]. The procedure used is 
outlined is Scheme 12 for the synthesis of (38) and (39). 
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H2N 0 0 NH; 
NH 
&h^f 
'O 0 
°w°-
(38) 
HN 
CI, .CI 
^ r \ r \ / \ 
0 0 0 0 
(39) 
Scheme 12 
Starting from the required dioxa diamine and dicarboxylic acid dichloride the 
macrocycHc diamine is obtained in 75% yield by condensation under high 
dilution conditions followed by reduction (lithium aluminum hydride or 
diborane) of the diamides obtained. Condensation (high dilution) of (38) with 
acid chloride followed by reduction (diborane) of the intermediate diamide 
led to the macrobicyclic diamine (39) in 25% yield from the starting 
materials. Dietrich, Lehn and Sauvage [115] using the procedure outlined in 
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Scheme 12 but with sulfur replacing the oxygen atoms, synthesized a mono 
(40) and a bicyclic (41) thia macrocyclic diamine. Compound (40) has also 
been prepared in 8% yield by the reaction of the disodium salt of ethane-1,2-
dithiol and di(2-bromoethyl)amine in ethanol at high dilution [116,117]. 
Busch and co-workers [24,29,33,118] have synthesized several sulfur 
nitrogen containing macrocycles in situ methods where a metal ion is present 
yielding metal complex directly. 
(40) (41) 
A tetrathioether (42) has been synthesized [116] by reaction of 1,2-
dibromoethane with the disodium salt of 3-oxapentane-l,5-dithiol in ethanol 
at high dilution with a yield of 7%. Bradshaw and co-workers [119] have 
prepared 11 different thioethers in a manner similar to that reported by Dann, 
Chiesa and Gates [120] in which the appropriate oligo ethylene glycol 
dichloride was allowed to react with a dithiol or sodium sulfide. Yields were 
generally low (5-30%) owing to extensive polymer formation. 
33 
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(42) 
Shakir and co-workers have reported number of macrocycles and 
their transition metal complexes, having varying ring sizes (43) 
[121-124], number of donor atoms (44) [125,126], mixed donors 
(45) [127.128]. These workers have also reported bis-
macrocycles (46) [129,130], dinuclear macrocyclic complexes 
(47) [131,132] etc. 
2+ 
M = Ni(ll), Cu{ll), 2n(ll) 
X=(CH2)3 
Y = (CH2)4 
(43) 
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12+ 
H . J.H 
X 
N' 
HaC CH. 
M = Ni(ll), Cu(ll) 
Y = (CH2)2or(CH2)3 
(44) 
2+ 
•N N-
H,C CH; 
M = Co(ll). Ni(ll), Cu{ll) 
Y = (CH2)2 orC6H4 
(45) 
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M=Fe(ll).C0(ll),N(ll),Cu(ll).2n{ll) 
Y = ( O y 2 0f(CHj)3 
(46) 
2+ 
M = Cu(ll).Zn(ll) 
(47) 
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It is apparent, that the chemistry of macrocycle is a rich and 
diverse field of study and still forms the basis of much extensive 
exploration. Therefore, it was thought worthwhile, to add in the 
above experience and knowledge to synthesize and characterize 
various novel macrocycles with first row transition metal 
complexes, of which some have been explored for their potential 
applications as antimicrobial agents having polyaromatic groups 
and pendant amine groups in the macrocyclic framework. 
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EXPERIMENTAL 
There are several physico-chemical methods available for the study of 
coordination compounds and a brief description of the techniques used in the 
investigation of the newly synthesized complexes described in the present 
work are given below: 
1- Infrared Spectroscopy 
2- Nuclear Magnetic Resonaiioe Spectroscopy 
3- Electron Paramagnetic Resonance Spectroscopy 
4- Ultraviolet and Visible (Ligand Field) Spectroscopy 
5- Magnetic Susceptibility Measurements 
6- Molar Conductance Measurements 
7- Mass Spectrometry 
8- Elemental Analysis 
INFRARED SPECTROSCOPY 
The term "infrared" covers the range of the electromagnetic spectrum between 
0.78 and 1000 |im. In the infrared spectroscopy, wavelength is measured in 
"wavenumbers", which has the unit as cm"'. 
wavenumber = 1 / wavelength in centimeters 
It is useful to divide the infrared region into three regions; neary mid andy^r 
infrared. 
50 
(^gofi^S 
Region -1-Wavelength range (|im) Wavenumber range (cm") 
Near 
Middle 
Far 
0.78 - 2.5 
2.5-50 
50-1000 
12800-4000 
4000-200 
200-10 
Theory of infrared absorption 
IR radiation does not have enough energy to induce electronic transitions. 
Absorption of IR radiations is restricted to compounds with small energy 
differences in the possible vibrational and rotational states. 
For a molecule to absorb IR radiations, the vibrations or rotations within a 
molecule must cause a net change in the dipole moment of the molecule. The 
alternating electrical field of the radiation (electromagnetic radiation consists 
of an oscillating electrical field and an oscillating magnetic field, 
perpendicular to each other) interacts with fluctuations in the dipole moment 
of the molecule. If the frequency of the radiation matches the vibrational 
frequency of the molecule then radiation will be absorbed, causing a change 
in the amplitude of molecular vibration. In the absorption of the radiation, 
only transition for which change in the vibrational energy level is AV=1 can 
occur, since most of the transition will occur from stable Vp to Vi the 
frequency corresponding to its energy is called the fundamental frequency. 
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The group frequencies of certain groups characterize the group irrespective of 
the nature of the molecule in which these groups are attached. The absence of 
any band in the approximate region indicates the absence of that particular 
group in the molecule. 
Molecular rotations 
Rotational levels are quantized, and absorption of IR by gases yields line 
spectra. However, in liquids or solids, these lines broaden into a continuum 
due to molecular collisions and other interactions. 
Molecular vibrations 
The positions of atoms in a molecule are not fixed; they are subject to a 
number of different vibrations. Vibrations fall into the two main catagories of 
stretching and bending. 
Stretching: Change in inter-atomic distance along bond axis 
• Symmetric 
• Asymmetric 
Bending: Change in angle between two bonds. There are four types of bend: 
• Rocking : In-plane Rocking 
• Scissoring : In-plane Scissoring 
• Wagging : Out-of-plane wagging 
Twisting : Out-of-plane twisting • 
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Vibrational coupling 
In addition to the vibrations mentioned above, interaction between vibrations 
can occur (coupling) if the vibrating bonds are joined to a single, central 
atom. Vibrational coupling is influenced by a number of factors viz., strong 
coupling of stretching vibrations occurs when there is a common atom 
between the two vibrating bonds, coupling of bending vibrations occurs when 
there is a common bond between vibrating groups, coupling between a 
stretching vibration and a bending vibration occurs if the stretching bond is 
one side of an angle varied by bending vibration, coupling is greatest when 
the coupled groups have approximately equal energies, no coupling is seen 
between groups separated by two or more bonds. 
Important Group Frequencies in the IR Spectra Pertinent to the 
Discussion of the Newly Synthesized Compounds. 
a) N-H Stretching Frequency 
The N-H stretching vibrations occur in the region 3300-3500 cm'' in the 
dilute solution [1]. The N-H stretching band shifts to lower value in the 
solid state due to the extensive hydrogen bonding. Primary amines in 
the dilute solutions, in non-polar solvents give two absorptions i.e., 
symmetric stretch found near 3400 cm"' and asymmetric stretch mode 
found near 3500 cm''. Secondary amines show only a single N-H 
stretching band in dilute solutions. The intensity and frequency of N-H 
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stretching vibrations of secondary amines are very sensitive to structural 
changes. The band is found in the range 3310-3350 cm"' (low intensity) 
in aliphatic, secondary amines and near 3490 cm'' which shows much 
higher intensity in heterocyclic secondary amines such as pyrazole and 
imidazole. 
b) C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong bands in the region 
1250-1350 cm'' in all the amines [1,2]. In primary aromatic amines 
there is one band in the region 1250-1340 cm"' but in secondary amines 
two bands have been found in the regions 1280-1350 cm"' and 1230-
1280 cm''. 
c) C=N Stretching Frequency 
Schiff bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates 
etc., show the C=N stretching frequency in the 1471-1689 cm'' region 
[1,2]. Although the intensity of the C=N stretch is variable, however it 
is usually more intense than the C=C stretch. 
d) N-N Stretching Frequency 
A strong band appearing in the region around 1000 cm"' may 
reasonably be assigned [3] to v (N-N) vibrations. 
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e) M-N Stretching Frequency. 
The M-N stretching frequency is of particular interest since it provides 
direct information regarding the metal-nitrogen coordinate bond. 
Different amine complexes exhibited [2] the metal-nitrogen 
frequencies in the 300-450 cm'' region. 
f) M-X Stretching Frequency 
Metal-halogen stretching bands appear [2] in the region of ^ 500-750" on"!^ '''^  
for M-F, 200-400 cm-' for M-Cl, 200-300 cm-' for M-Br and i6o-200 
cm'' for M-I. 
g) M-O Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in 
different region for different metal complexes. The M-0 stretching 
frequency of nitrato complexes lie in the range of 250-350 cm''. 
Furthermore unidentate nitrate group display bands in the 1230-1260, 
1020-1080 and 870-890 cm'' regions assigned [2] to v(N-0) 
vibrations. 
NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
Nuclear Magnetic Resonance spectroscopy is a powerful and theoretically 
complex analytical tool where experiments performed on the nuclei of atoms. 
The chemical environment of specific nuclei is deduced from information 
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obtained about the nuclei which is assumed to rotate about an axis and thus 
have the property of spin. In many atoms (such as '^ C) these spins are paired 
against each other, such that the nucleus of the atom has no overall spin. 
However, in some atoms (such as 'H and ^ C) the nucleus does possess an 
overall spin. The rules for determining the net spin of a nucleus are as 
follows: 
1. If the number of neutrons and the number of protons are both even, 
then the nucleus has no spin. 
2. If the number of neutrons plus the number of'^xoXons is odd, then ^Q 
nucleus has a half-integer spin (i.e. 1/2, 3/2, 5/2). 
3. If the number of neutrons and the number of protons are both odd, then 
the nucleus has an integer spin (i.e. 1, 2, 3). 
The overall spin, I, is important. Quantum mechanically a nucleus of spin I 
will have 21+1 possible orientations. The nuclei with I = 0, do not possess 
spin angular momentum and do not exhibit magnetic resonance phenomena. 
The nuclei of C and O fall into this category. Nuclei for which I =1/2 
include 'H, ' ^ , '^C, '^P and ' X while H^ and ' ^ have 1=1. 
Since atomic nuclei are associated with charge, a spinning nucleus generates a 
small electric current and has a finite magnetic field associated with it. The 
magnetic dipole, |i, of the nucleus varies with each element. When a spinning 
nucleus is placed in a magnetic field, the nuclear magnet, experiences a torque 
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which tends to align it with the external field. For a nucleus with a spin of 1/2, 
there are two allowed orientations of the nucleus, parallel to the field (low 
energy) and against the field (high energy). Since the parallel orientation is 
lower in energy, this state is slightly more populated than the anti-parallel, 
high energy state. 
If the oriented nuclei are now irradiated with electromagnetic radiation of the 
proper frequency, the lower energy state will absorb a quantum of energy and 
spin-flip to the high energy state. When this spin transition occurs, the nuclei 
are said to be in resonance with the applied radiation, hence the name Nuclear 
Magnetic Resonance. 
ELECTRON SPIN RESONANCE SPECTROSCOPY 
Electron paramagnetic resonance spectroscopy is a branch of absorption 
spectroscopy in which radiation of microwave frequency is absorbed by 
molecules possessing electron with unpaired spins. Gorter demonstrated [4,5] 
that a paramagnetic salt when placed in a high frequency alternating magnetic 
field absorbs energy which is influenced by the application of a static 
magnetic field either parallel or perpendicular to the alternating magnetic 
field. The degeneracy of a paramagnetic ion is lifted in a strong static 
magnetic field and the energy levels undergo Zeeman splitting. Application of 
an oscillating magnetic field of appropriate frequency will induce transitions 
between the Zeeman levels and the energy is absorbed from the 
electromagnetic field. If the static magnetic field is slowly varied, the 
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absorption shows a series of maxima. The plot between the absorbed energy 
and the magnetic field is called the electron paramagnetic resonance 
spectrum. 
A system exhibit paramagnetism whenever it has a resultant angular 
momentum. Such paramagnetic system includes, elements containing 3d, 4d, 
4f, 5d, 5f, 6d etc. electrons, atoms having an odd number of electrons like 
hydrogen, molecules containing odd number of electrons such as NO2, NO 
etc. and free radicals which possess an unpaired electron like methyl free 
radical, diphenylpicryl hydrazyl free radical etc. are among the suitable 
reagents for EPR investigation. Splitting of energy levels in EPR occurs under 
the effect of two types of fields, namely the internal crystalline field and 
applied magnetic field. While studying a paramagnetic ion in a diamagnetic 
crystal lattice, two types of interactions are observed, i.e., interactions 
between the paramagnetic ions called dipolar interaction and the interactions 
between the paramagnetic ion and the diamagnetic neighbour called crystal 
field interaction. For small doping amount of paramagnetic ion in the 
diamagnetic host, the dipolar interaction will be negligibly small. The later 
interaction of paramagnetic ion with diamagnetic ligands modifies the 
magnetic properties of the paramagnetic ions. According to crystal field 
theory, the ligand influences the magnetic ion through the electric field, which 
they produce at its site and their orbital motion gets modified. The crystal 
field interaction is affected by the outer electronic shells. 
58 
The dipole-dipole interaction arises from the influence of magnetic field of 
one paramagnetic ion on the dipole moments of the similar neighboring ions. 
The local field at any given site will depend on the arrangements of the 
neighbors and the direction of their dipole moments. Thus the resultant 
magnetic field on the paramagnetic ion will be the vector sum of the external 
field and the local field. Thus resultant field varies from site to site giving a 
random displacement of the resonance frequency of each ions and thus 
broadening the line widths. 
Hyperfine interactions are mainly magnetic dipole interactions between the 
electronic magnetic moment and the nuclear magnetic moment of the 
paramagnetic ion. The quartet structure in the EPR of vanadyl ion is the 
results of hyperfine interactions. The origin of this can be understood simply 
by assuming that the nuclear moment produces a magnetic field B>4 at the 
magnetic electrons and the modified resonance condition will be E = hu = 
gp IB + BN I where BN takes up 21+1, where I is the nuclear spin. There may 
be an additional hyperfine structure also due to interaction between magnetic 
electrons and the surrounding nuclei called superhyperfine structure. The 
effect was first observed by Owens and Stevens in ammonium hexa 
chloroiridate [6] and subsequently for a number of transition metal ions in 
various hosts [7,8]. 
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ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region 
between 200 and 1000 nm. These transitions correspond to the excitation of 
electrons of the molecules from ground state to higher electronic states. In a 
transition metal all the five d-orbitals viz., dxy, dyz, dxz. dz and dx .y are 
degenerate. However, in coordination compounds due to the presence of 
ligands this degeneracy is lifted and d-orbitals split into two groups called t2g 
(dxy. dyz and dxz) and Cg (dz^  and dx^y )^ in an octahedral complex and t and e in 
a tetrahedral complex. The set of t2g orbitals goes below and the set of Cg 
orbitals goes above the original level of the degenerate orbitals in an 
octahedral complex. In case of the tetrahedral complexes the position of the 
two sets of the orbitals is reversed, the *e' going below and 't' going above 
the original degenerate level, When a molecule absorbs radiation, its energy 
can be expressed by the relation: 
E^hv 
or E = hc/X 
Where h is Planck's constant, v and \ are the frequency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device of 
energy level diagram based upon 'Russell-Saunder Scheme' must be 
introduced. This has the effect of splitting the highly degenerate 
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configurations into groups of levels having lower degeneracies known as 
'Term Symbols'. 
The orbital angular momentum of electrons in a filled shell vectorically adds 
up to zero. The total orbital angular momentum of an incomplete d shell 
electron is observed by adding L value of the individual electrons, which are 
treated as a vector with a component ml in the direction of the applied field. 
Thus 
L = limli=0, 1,2,3,4.5,6 
S,P,D,F,G,H,I 
The total spin angular momentum S = Si Sj where Sj is the value of spin 
angular momentum of the individual electrons. The total spin angular 
momentum S has a degeneracy x equal to 2S + 1, which is also known as 
Spin Multiplicity. Thus, a term is finally denoted as xL . For example, if S = 
1 and L = 1, the term will be P^ and similarly if S = 1 '/2, and L = 3, the term 
will be ^F. 
In general the terms arising from a d" configuration are as follows: 
d'd^ : ^D 
d^d^ : ^F,^P, 'G, 'D, 'S 
d^  d^  : 'F, -^ P, ^H, ^ G, ^ F, ^ 0(2), P^ 
d^  d^  : ^D, ^H, ^G, ¥(2). ^D, ^ P(2), 'l, 'G(2) . 'F , 'D(2), 'S(2) 
d' : '^ S, ^G, ' F . '*D, '*P, ^ I, ^H, ^G(2), 2F(2), ^D(3), ' P , ^S. 
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Coupling of L and S also occurs, because both L and S if non-zero, generate 
magnetic fields and thus tend to orient their moments with respect to each 
other in the direction where then- interaction energy is least. This coupling is 
known as LS coupling' and gives rise to resultant angular momentum 
denoted by quantum number, J which may have quantized positive values 
from I L + S I up to I L - S I e.g., in the case of P^ (L = 1, S = 1), "F (L = 3, S = 
1 V-i) possible values of J representing state, arising from term splitting are 2,1 
and 0 and 4 V2, 3 I/2, 2 '/2, and 1 '/i. Each state is specified by J is 2J + 1 fold 
degenerate. The total number of states obtained from a term is called the 
multiplet and each value of J associated with a given value of L is called 
component. Spectral transitions due to spin-orbit coupling in an atom or ion 
occurs between the components of two different multiplets while LS coupling 
scheme is used for the elements having atomic number less than 30, in that 
case spin-orbital interactions are large and electrons repulsion parameters 
decreases. The spin-angular momentum of an individual electron couples with 
its orbital momentum to give an individual J for that electron. The individual 
J s couple to produce a resultant J for the atom. The electronic transitions 
taking place in an atom or ion are governed by certain Selection Rules, 
which are as follows: 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are 
forbidden. 
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3. In a molecule, which has a centre of symmetry, transitions between two 
gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron 
configuration. The ligand field splitting due to cubic field can be obtained by 
considerations of group theory. It has been shown that an S state remains 
unchanged. P states does not split, and D state splits into two and F state into 
three and G state into four states as tabulated below: (Applicable for an 
octahedral Oh as well as tetrahedral Td symmetry). 
S Ai 
P Ti 
D E + T2 
F A2 + Ti + T2 
G A2 + E + T, + T2 
Transitions from the ground state to the excited state occur according to the 
selection rules described earlier. The energy level order of the states arising 
from the splitting of a term state for a particular ion in an octahedral field is 
the reverse that of the ion in a tetrahedral field. However, due to transfer of 
charge from ligand to metal or metal to ligand, sometimes bands appear in the 
ultraviolet region of the spectrum. These spectra are known as ^Charge 
Transfer Spectra or Redox Spectra. In metal complexes there are often 
possibilities that charge transfer spectra extend into the visible region to 
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obscure d-d transition. However, these should be clearly discerned from the 
ligand bands, which might also occur in the same region. 
MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
The determination of magnetic moments of transition metal complexes have 
been found to provide ample information in assigning their structure. The 
main contribution to bulk magnetic properties arises from magnetic moment 
resulting from the motion of electrons. It is possible to calculate the magnetic 
moments of known compounds from the measured values of magnetic 
susceptibility. 
There are several kinds of magnetism in substances viz., diamagnetism, 
paramagnetism and ferromagnetism or antiferromagnetism. Mostly 
compounds of the transition elements are paramagnetic. Diamagnetism is 
attributable to the closed shell electrons with an applied magnetic field. In the 
closed shell the electron spin moment and orbital moment of the individual 
electrons balance one another so that there is no magnetic moment. 
Ferromagnetism and antiferromagnetism arise as a result of interaction 
between dipoles of neighboring atoms. 
If a substance is placed in a magnetic field, H the magnetic induction, B with 
the substance is given by 
64 
B = H-^47d 
Where I is the intensity of magnetization. The ratio B/H is called magnetic 
permeability of the material and is given by 
B/H^I + 47i(I/H) =1 + 47dC 
Where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the 
substance to the density of such lines in the same region in the absence of 
sample. Thus, the volume susceptibility of a vacuum is by definition zero 
since in vacuum B/H = 1, 
When magnetic susceptibility is considered on the weight basis, the gram 
susceptibility (Xg) is used instead of volume susceptibility. The ^en-value can 
then be calculated from the gram susceptibility multiplied by the molecular 
weight and corrected for diamagnetic value as 
where, T is the absolute temperature at which the experiment is performed. 
The magnetic properties of any individual atom or ion will result from some 
combination of these two properties that is the inherent spin moment of the 
electron and the orbital moment resulting from the motion of the electron 
around the nucleus. The magnetic moments are usually expressed in Bohr 
Magnetons (BM). The magnetic moment of a single electron is given by 
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Where S is the spin quantum number and g is the gyromagnetic ratio. For 
Mn^ ,^ Fe^ ^ and other ions whose ground states are S states there is no orbital 
angular momentum. In general however, the transition metal ion in their 
ground state D or F being most common, do possess orbital angular 
momentum. For such ions, as Co^ ^ and Ni^ ,^ the magnetic moment is given by 
M(s.L)= V45(5 + 1) + I (L + 1) 
In which L represents the orbital angular momentum quantum number for the 
ion. 
The spin magnetic moment is insensitive to the environment of metal ion, the 
orbital magnetic moment is not. In order for an electron to have an orbital 
angular momentum and thereby an orbital magnetic moment with reference to 
a given axis, it must be possible to transform the orbital into a fully equivalent 
orbital by rotation about that axis. For octahedral complexes the orbital 
angular momentum is absent for Aig, A2g and Eg term, but can be present for 
Tig and T2g terms. Magnetic moments of the complex ions with Ajg and Eg 
ground terms may depart from the spin-only value by a small amount. The 
magnetic moments of the complexes possessing T ground terms usually differ 
from the high spin value and vary with temperature. The magnetic moments 
of the complexes having a A^jg ground term are very close to the spin-only 
value and are independent of liie temperature. 
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For octahedral and tetrahedral complexes in which spin-orbit coupling causes 
a split in the ground state an orbital moment contribution is expected. Even no 
splitting of the ground state appears in cases having no orbital moment 
contribution, an interaction with higher states can appear due to spin-orbit 
coupling giving an orbital moment contribution. 
Practically the magnetic moment value of the unknown complex is obtained 
on Gouy Magnetic Balance. Faraday method can also be applied for the 
magnetic susceptibility measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula. 
Where %% = Gram Susceptiblity 
AW = Change in weight of the unknown sample with magnet on 
and off. 
W = Weight of the known sample 
AWstd = Change in weight of standard sample with magnets on and 
off. 
Wstd = Weight of standard sample. 
Xsid = Gram susceptibility of the standard sample. 
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CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
Where / is the length of a sample of electrolyte and A is the cross sectional 
area. The symbol p is the proportionality constant and is a property of a 
solution. This property is called resistivity or specific resistance. The 
reciprocal of resistivity is called conductivity, K 
K = Up = l/RA 
Since / is in cm, A is in cm^ and R in ohms (0), the units of K are O'' cm' or 
Scm'' (Siemens per cm) 
Molar Conductivity 
If the conductivity K is in Q'^ cm"' and the concentration C is in mol cm"^ then 
the molar conductivity A is in Q"' cm^ mof' and is defined by 
A=K/C 
Where C is the concentration of solute in mol cm'"'. 
Conventionally solutions of W^ M concentration are used for the 
conductance measurement. Molar conductance values of different types of 
electrolytes in a few solvents are given below: 
A 1:1 electrolyte may have a value of 70-95 ohm'' cm^ mof' in nitromethane, 
50-75 ohm'' cm^ mol'' in dimethyl formamide and 100-160 ohm*' cm^ mol'' 
6% 
in methyl cyanide. Similarly a solution of 2:1 electrolyte may have a value of 
150-180 ohm"' cm^ mol'' in nitromethane, 130-170 ohm"' cm^ moi'' in 
dimethylformamide and 140-220 ohm'* cm^ mol'* in methyl cyanide [9-11]. 
MASS SPECTROMETRY 
In mass spectrometry, a substance is bombarded with an electron beam having 
sufficient energy to fragment the molecule. The positive fragments which are 
produced (cations and radical cations) are accelerated in a vacuum through a 
magnetic field and are sorted based on the mass-to-charge ratio. Since the 
bulk of the ions produced in the mass spectrometer carry a unit positive 
charge, the value m/e is equivalent to the molecular weight of the fragment. 
The analysis of mass spectroscopy information involves the re-assembling of 
fragments, working backwards to generate the original molecule. 
A very low concentration of sample molecules is allowed to leak into the 
ionization chamber (which is under a very high vacuum) where they are 
bombarded by a high-energy electron beam. The molecules fragment and the 
positive ions produced are accelerated through a charged array into an 
analyzing tube. The path of the charged molecules is bent by an applied 
magnetic field. Ions having low mass (low momentum) will be deflected most 
by this field and will collide with the walls of the analyzer. Likewise, high 
momentum ions will not be ucflected enough and will also collide with the 
analyzer wall. Ions having the proper mass-to-charge ratio, however, will 
follow the path of the analyzer, exit through the slit and collide with the 
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collector. This generates an electric current, which is then amplified and 
detected. By varying the strength of the magnetic field, the mass-to-charge 
ratio which is analyzed can be continuously varied. 
The output of the mass spectrometer shows a plot of relative intensity v^  the 
mass-to-charge ratio (m/e). The most intense peak in the spectrum is termed 
the base peak and all others are reported relative to it's intensity. The peaks 
themselves are typically very sharp, and are often simply represented as 
vertical lines. 
The process of fragmentation follows simple and predictable chemical 
pathways and the ions, which are formed, will reflect the most stable cations 
and radical cations, which that molecule can form. The highest molecular 
weight peak observed in a spectrum will typically represent the parent 
molecule, minus an electron, and is termed the molecular ion (M"^ ). Generally, 
small peaks are also observed above the calculated molecular weight due to 
the natural isotopic abundance of C, H, etc. Many molecules with 
especially labile protons do not display molecular ions; an example of this is 
alcohols, where the highest molecular weight peak occurs at m/e one less than 
the molecular ion (m-1). Fragments can be identified by their mass-to-charge 
ratio, but it is often more informative to identify them by the mass which has 
been lost. That is, loss of a methyl group will generate a peak at m-15; loss of 
an ethyl, m-29, etc 
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ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon, hydrogen 
and nitrogen analyses were carried out on a Perkin Elmer-2400 analyzer. 
Chloride was analyzed by conventional method [12]. For the metal estimation 
[13], a known amount of complex was decomposed with a mixture of nitric, 
perchloric and sulfuric acids in a beaker. It was then dissolved in water and 
made up to known volume so as to titrate it with standard EDTA. For chlorine 
estimation, a known amount of the sample was decomposed in a platinum 
crucible and dissolved in water with a little concentrated nitric acid. The 
solution was then treated with silver nitrate solution. The precipitate was then 
dried and weighed. 
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COM(PL^(ES OT Co(II), m(II), Cu(II)A!MD Zn(II) 
'Wi'm 12-M'EVm(E<S^(D SCHTFT (BJ4M 
sivcDro<F 'Bmi(RjujmMic^i(p(BiM jmo 
INTRODUCTION 
Although the chemistry of polyazamacrocylic ligands and its complexes has 
been a fascinating area of research but tetraazamacrocycles are the most 
extensively studied due to their biological relevance [1,2]. A dramatic 
progress in the chemistry of tetraazamacrocyclic complexes has received 
particular attention due to their mimicry with biologically significant 
molecules invoking a variety of catalytic, biochemical and industrial 
applications [3-8]. Most of the imino macrocyclic ligands have been derived 
by condensation reaction between dicarbonyls and primary diamines [9]. The 
interactions of crown ethers and cyclophanes, especially the ones possessing 
aromatic moieties are known to form charge transfer complexes with a variety 
of guests [10-13], providing new insights into non-covalent interactions, 
chiefly cation- 7i interactions which led to the stabilization of a positive 
charge by the face of an aromatic ring [10]. These strong attractive non-
covalent interactions between 7c-systems are a class of intermolecular forces 
to reckon within chemistry, biology, material sciences as they control a range 
of recognition, self assembly phenomena such as vertical base pair 
interactions which stabilize the DNA double helix and also intercalation of 
drugs [14,15] into DNA, tertiary structure of proteins, -porphyrin aggregation 
[16,17], packing of aromatic molecules in crystals [18], complexation in 
many host-guest systems especially with respect to conformational 
preferences and binding properties of polyaromatic macrocycles [19]. The 
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condensation of 9,10-phennathrenequinone and o-phenylenedianfiine is a well 
known identification reaction which leads to the formation of [1+1] product, 
phenazine [20] and also that phenanthrenequinones have been used as pendant 
groups in the porphyrin ring which serve as biomimitic models for 
fundamental studies on photo-induced electron transfer [21] but not as basic 
part of the macrocyclic framework. In view of the aforesaid applications, it 
was thought worthwhile to synthesize tetraaza macrocycles bearing 
polyaromatic groups by the [2+2] condensation reaction between 9,10-
phenanthrenequinone and o-phenylenediamine resulting in a 12-membered 
Schiff-base macrocyclic ligand and its complexes with Co(ll), Ni(ir), Cu(ll) 
and Zn(II) ions. 
EXPERIMENTAL 
The metal salts MX2.6H2O, CuXz.nHzO (M = Co(II) and Ni(II); X = Cf and 
NO3" ; n =2,3), ZnC^, Zn(N03)2.6H20 (all E. Merck) were commercially 
available and used as received. The chemicals o-phenylenediamine (Rachem), 
9,10-Phenathrenequinone, [K3Fe(CN)6], Ferric Chloride, Trichloroacetic acid, 
NaH2P04, Na2HP04 (all E. Merck) were used as received. Methanol and 
Acetonitrile (A.R grade) were used as solvents without further purification. 
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Synthesis of Ligand: 
y Synthesis of (2J:8,9-diphenanthrene-5,6:Jl,I2-dibenzoH^4^7yI0-
tetraazacyclododecane) (L), — - "' 
To a stirring solution of o-phenylenediamine (0.02 mol) in methanol (25 mL), 
hydrochloric acid (1-2 mL; 2M) and 9,10-phenanthrenequinone (0.02 mol) in 
methanol (25 mL) were added dropwise with constant stirring and the mixture 
was boiled under reflux for 5h affording a greenish precipitate. The product 
was filtered off, washed with methanol and dried in vacuo. 
Synthesis of Complexes: 
Synthesis ofdichloro /dinitrato (2,3:8,9-diphenanthrene-5,6:JlJ2-dibenzo-
},4JJ0-tetraazacyclododecane)metal(II) IMLX2I; (2f3:8y9-diphenanthrene-
5y6:11 J2-dibenzo-ly4J,10-tetraazacyclododecane)copper(II) chloride 
nitrate [CuL]X2 (M = Co(II)y Ni(II) and Zn(II); X = C/", NOi) 
A solution of ligand (L) (O.Olmol) in acetonilrile (25mL) was added dropwise 
to a stirred acetonitrile solution (25mL) of metal salts (O.Olmol) at 50 °C for 3 
h resulting a colored product. The product was filtered off, washed with 
acetonitrile, and dried under vacuum at room temperature. 
Reducing Power 
The complexes (25mM-800mM) in DMSO were mixed with 2.5 mL of 
phosphate buffer (0.2M, pH 6.6) and 2.5 mL potassium ferricyanide, 
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[K3Fe(CN)6] (1%). The mixture was incubated at 50°C for 30 minutes 
followed by the addition of 2.5 mL of trichloroacetic acid (10%) which was 
then centrifuged at 3000 rpm for 10 min. Finally, 2.5 mL distilled water and 
0.5 mL FeCl3 (0.1%), and the absorbance was measured at 700 nm. 
Physical Measurements 
The elemental analyses data were obtained by using Perkin Elmer-2400 C, H, 
N analyzer. Analytical thin layer chromatography was performed on silica gel 
coated glass plates. Electron impact mass spectrum was recorded on Jeol, 
JMS, DX-303 mass spectrometer. IR spectra were recorded on Perkin Elmer-
2400 FTIR spectrophotometer with KBr/CsI pellets. 'H- N M R spectra were 
recorded on Jeol Eclipse 400 NMR spectrometer in DMS0-d6. Metals and 
chloride were determined volumetrically [22] and gravimetrically [23] 
respectively. The electronic spectra of the complexes in DMSO were recorded 
over 200-1 lOOnm range on Pye-Unicam 8800 spectrophotometer at room 
temperature. Magnetic susceptibility measurements were carried out using 
Faraday balance at 25°C. The electrical conductivities of 10'^  M solutions in 
DMSO were obtained on a digital APX 185 conductivity bridge equilibrated 
at 25±°C. 
Results and Discussion 
A [1+1] condensation reaction between 9,10-phenanathrenequinone and o-
phenylenediamine has long been known for the synthesis of 
dibenzo[a,c]phenazine (m.p.-156-172°C) [20]. A 12-membered Schiff base 
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tetraaza macrocyclic ligand, (L) (m.p. 182-187°C) was synthesized by [2+2] 
condensation reaction between 9,10-phenanathrenequinone and o-
phenylenediamine by slight modification of reaction conditions. The 
formation and purity of the synthesized macrocyclic iigand was checked by 
comparing the TLC with the starting materials which resulted a single spot 
different from the starting materials. The mass spectrum of uncomplexed 
macrocyclic ligand did not show M^ peak rather peaks at m/z 105.3, 177.3, 
205.3, 385.3, etc were observed which may be explained in terms of 
fragmentation of M .^ The base peak was observed at m/z 281,3 which may be 
attributed to [M+2H]^. The results of elemental analyses (Table 1), 
absorption bands and proton resonance peaks in FT-IR (Table 2) and 'H NMR 
spectra, respectively, confirm the proposed stoichiometry and structure for the 
macrocyclic ligand. 
The reaction of macrocyclic ligand (L) with transition metal ions in 1:1 molar 
ratio leads to the formation of the macrocyclic complexes of the types, 
[MLX2] and [CuL]X2 (M = Co(II), Ni(II), Zn(II); X = Cf, ^0{) (Figure 1). 
All the complexes are microcrystalline in nature, stable to the atmosphere and 
are soluble in almost all the polar solvents. All the attempts failed to develop 
a single crystal either of the ligand or of the complexes suitable for X-ray 
crystallography. The molar conductivity measurements in DMSO (ca. 1x10"^  
M) at room temperature show non-electrolytic nature for all the complexes 
except that of copper(ll) complexes which show 1:2 electrolytic nature. 
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Figure 1.Synthetic scheme of the macrocycHc ligand (L) and its complexes. 
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IR Spectra 
The IR spectrum of the free ligand (Table 2) shows very strong intensity 
absorption band at 1590 cm"^  assigned to C=N stretching mode. The presence 
of aromatic rings has been identified by their characteristic ring vibrations in 
1450-1400, 1100-1090 and 760-720 cm"' regions. The absence of bands 
characteristic of v{C=0) and aromatic primary amine moiety v(N-H) 
expected to appear in free 9,10-phenanthrenequinone and o-
phenylenediamine, respectively, confirm the formation of the proposed 
macrocyctic framework. The infrared spectra of the complexes (Table 2) 
show the weak intensity absorption band in the frequency range 1530-1520 
cm"' for the coordinated imine fimction v(C=N) comparable to that expected 
for similar complexes [24,25]. The medium intensity band in the region 460-
440 cm'' may be due to v(M-N) vibrations. The coordination of the chloro 
and nitrato groups have been ascertained by the appearance of bands in 300-
290 cm'' and 240-230 cm"' regions which may reasonably be assigned to 
v(M-Cl) and v(M-O) of O-NO2 groups in [MLCI2] and [ML(N03)2] 
complexes, respectively. The spectra of the complexes, [ML(N03)2] show 
additional absorption bands in 1260-1230 cm'', 1050-1020 cm"' and 890-870 
cm'' regions consistent with monodentate coordination of the nitrato ^oup 
[26]. 
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' H - N M R Spectra 
The ' H - N M R spectrum of the ligand shows six different signals integrating 
for four protons in the phenanthrene ring and two in the phenyl rings of 
condensed o-phenylenediamine with chemical shifts (6) and coupling constant 
(J) values as 5, 9.31 (4H, d, J = 8.04 Hz), 6, 8.83 (4H, d, J =7.32), 5, 8.37 (4H, 
m), 5, 8.01 (4H, m) and 6, 7.91 (4H, t, J = 7.32) and 5, 7.84 (4H, t, J = 
7.32Hz) (Figure 2). However, analogous spectra were recorded for [ZnLXi] 
complexes with proton resonance peaks shifted to upfield by 6, 0.12-0.08. 
Electronic Spectra and Magnetic Moment Data 
The electronic spectra of all the complexes in DMSO exhibit essentially 
similar patterns in 400-250 nm region due to intraligand and charge transfer 
transitions. The low molar absorptivity values (Table 3) of the Co(II) and 
Ni(II) complexes suggest a slight deviation from the perfect octahedral 
geometry due to the possible vibrations that could occur from the mixing of d 
and p-orbitals of the complexes in order to relax the symmetry of the 
molecule. The molar absorptivity values of Cu(II) complexes have been 
found to be comparable with that of the reported [27] Cu(II) square planar 
complexes. 
The electronic spectra of Cobalt(II) complexes (Table 3) showed two bands in 
1110-1100 nm and 515-510 nm regions assignable to '*Tig(F)->'*T2g(F) and 
"*Tig(F)^'*Tig(P) transitions, respectively similar to that expected to the six 
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Figure 2. 'H-NMR spectra of the macrocyclic ligand (L) and its Zn(II) 
complexes. 
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coordinated octahedral Co(II) ion [27]. The observed magnetic moment 
values (4.75 and 4.80 B.M.) deviate from the calculated spin-only values. The 
slightly higher values may be explained in terms of orbital contribution 
expected for a high spin state of an octahedral Cobalt(II) ion [28]. 
The absorption spectra of Nickel (11) complexes (Table 3, Figure 3) exhibit 
three spin allowed transitions, A2g(F)-^ T2g(F), A2g(F)-> T|g(F) and 
•'A2g(F)^^Tig(P) appearing in the frequency regions, 1050-1045 nm, 687-685 
nm and 410-408 nm, respectively, consistent with a typical of Ni(II) in 
octahedral environment [27]. The observed magnetic moments (3.10 and 3.14 
B.M.) further confirm the above geometry [29]. 
In case of Copper(II) complexes (Table 3), a broad and less intense band 
appeared in 555-550 nm region, assignable [30] Xo B[g->- Eg transition 
characteristic of Cu(II) ion in a square planar disposition. The slightly higher 
values of observed magnetic moment of the Copper(II) complexes (1.86 and 
1.87 B.M.) correspond to an orbitally non-degenerate ground state of Copper 
(II) ion [31]. 
Reducing Power 
The reducing capacity of the complexes may serve as significant indicator of 
its potential antioxidant activity [32]. The Co(II) and Cu(II) complexes were 
tested for their relative reducing capacities (Figures 4 and 5). Increased 
absorbance of the reaction mixture indicated increased reducing power. The 
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Figure 3. The electronic spectrum of [NiL(N03)2] complex. 
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Figure 4. The comparison of the representative ISEM values of the three 
independent experiments that show reducing power of [CuL]Cl2 and [C0LCI2] 
as series 1 and series 2. 
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Figure 5. The comparison of the representative ISEM values of the three 
independent experiments that show reducing power of [CuL](N03)2 and 
[CoL(N03)2] as series I and series 2. 
90 
antioxidant activities of putative antioxidants may be attributed to various 
mechanisms, such as prevention of chain initiation, decomposition of 
peroxides, prevention of continued hydrogen abstraction and radical 
scavenging. Hence, it can be suggested that there is no correlation between 
total antioxidant activity and reducing power activity [33]. Thus, Co(II) 
complexes may have low reducing power and can have high total antioxidant 
activity than Cu(II) complexes. In view of the significant reducing power of 
these complexes they may be considered as potential antioxidants capable of 
generating metal(n) ligand radical. 
Antifungal and Antibacterial Screening 
The antifungal activity of ligand and its metal complexes was determined on 
Candida albicans and Cryptococcus moformans using agar well diffusion 
method as performed by previous workers [34,35]. YPD or YPA agar plates 
were inoculated with the freshly grown culture by spreading method. Wells 
(5mm diameter) were punched in the agar and loaded with the 150|il 
(5mg/ml) samples of the ligand and its Co(II), Ni(n), Cu(n) and Zn(II) 
complexes. Blanks containing neat solvent, DMSO (negative control) were 
also run parallel in the same plate. The plates were incubated at 37°C for 48 h 
and antifungal activity was determined by measuring the diameter of the zone 
of inhibition. The relative antifungal potency (Figures 6 and 7) of the given 
preparation was calculated by comparing its zone of inhibition with that of the 
blank. Similarly, antibacterial activity of ligand and its metal complexes was 
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In-vitro antifungal and antibacterial activity 
D S.typhimurium 
• E.colj 
• C.albicans 
[DC.neoformans 
Co(ll) Ni(ll) Cu(ll) Zn(ll) 
Dose (mg/well) 
Figure 6. Anti-microbial activity of macrocyclic ligand (L) and its Co(II), Ni(II), 
Cu(II) and Zn(II) chloride complexes. 
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In-vitro antifungal and antibacterial activity 
D S.typhimurium 
• E.coli 
• C.albicans 
llC.neoformans 
L Co(ll) Ni(ll) Cu(ll) Zn(ll) 
Dose (mg/well) 
Figure 7. Anti-microbial activity of macrocyciic ligand (L) and its Co(II), Ni(II), 
Cu(II) and Zn(II) nitrate complexes. 
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performed on Salmonella typhimurium and Escherichia coli using above 
mentioned procedure with the difference of incubation conditions (37°C / 24 
h) (Figures 6 and 7). These complexes exhibited potential activity at the 
concentration dose of 5mg/ml comparable to that of tetradentate 12-
membered macrocyclic compounds which have been shown to possess 
antimicrobial activity against various pathogens by disc diffusion technique 
[36]. 
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INTRODUCTION 
In view of the various applications of the macrocyclic ligands and complexes 
as therapeutic agents [1], as magnetic resonance imaging (MRI) contrast 
agents [2,3], as luminescent sensors [3,4], as artificial restriction enzymes for 
cleaving DNA and RNA [5-7] etc., the chemistry of macrocyclic compounds 
has been of importance for last few decades. Recently, there has been 
considerable interest in preparation of macrocyclic complexes of the 
transition metals having a variety of pendant functional groups on the 
periphery of the macrocyclic rings [8-10]. These pendant functional groups 
have been termed the iigand superstructure' which do not necessarily directly 
involved in binding to the metal ion, but induce changes in both the physical 
and chemical properties of the resulting complex [10]. These functionalized 
macrocycles have often been prepared by elaborate multi-step procedures, 
with synthesis of partially functionalized macrocycles being more difficult 
than flilly-functionalized ones [11]. There has been a particular interest in the 
preparation and characterization of coordination compounds with aza-
macrocyclic ligands with pendant functional groups for the reasons that these 
complexes have extreme kinetic and thermodynamic stability toward metal 
release [12,13]. A'-functionalization of these macrocycles may enhance their 
metal-ion selectivity and the stability of metal complexes depending on the 
coordination properties of the pendant arms [14]. Recently, Hay et.al. reported 
[15] that pendant arm macrocycles have enhanced kinetic lability and will be 
of considerable importance in areas such as hydrometallurgy and metal 
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detoxification. Haines et.al. have synthesized and studied the redox kinetics of 
pendant-arm polyazamacrocycles and their metal complexes [16]. The 
preparation of non-symmetrical systems where the superstructure groups are 
asymmetrically placed on the macrocycle and / or there is only one group of 
each particular functional type have also been reported [10]. Macrocyclic 
complexes possessing peripheral group participating to the intramolecular 
binding to the metal center such as a class of isopropyl and isobutyl-appended 
macrocycles and their metal complexes capable of inhibiting the growth of 
mouse leukemia cells (L1210) in micromolar to submicromolar 
concentrations[l], a macrocycle with a pendant pyridyl function having steric 
restriction on its binding to the metal center [17] and reinforced macrocycles 
with a primary amine function capable of undergoing further reaction have 
also been reported [18]. 
Macrocyclic complexes that bear pendant functional groups have been 
synthesized by the template condensation of amines with aliphatic and 
aromatic aldehydes including formaldehyde resulting cyclization to link two 
amine moieties in presence of metal ion [19-23]. This chapter comprises of 
the synthesis of a series of 14 and 16-membered pendant-armed 
hexaazamacrocyclic complexes achieved by template condensation of 1,2-
diaminoethane or 1,3-diaminopropane and hydrazine by formaldehyde in 
presence of transition metal ions and their structural studies. 
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Experimental 
The metal salts MX2.6H2O (X = CI", NO3"), CuXj' nHzO (M = Co^ ^ and Ni^^ 
X = CI, NO3; n = 2, 3), ZnCl2, Zn(N03)2- 6H2O (all E. Merck) were 
commercially available and used as received. The chemicals, hydrazine 
hydrate 98% (Aldrich), formaldehyde 37% aqueous solution, 1,2-
diaminoethane and 1,3- diaminopropane (all E. Merck) were used as 
received. Methanol (AR grade) was used as solvent without further 
purification. 
Synthesis of Complexes: 
Synthesis of Dinitrato (1,3,5,8J0,12-hexaaza-3J0-N,N'-diaminocyclo-
decatetrane)metal(II) {M= Co(II), Ni(II) andZn(II)}; [ML^(NO,^2l. 
(1,3,5,8,10,12-h exaaza-3,10'N,N''diammocyclo-decatetrane)copper(II) 
nitrate; lCulf](NOi)2' 
To a stirring methanolic (50 mL) solution of metal salt (O.Olmol) containing 
1,2- diaminoethane (0.02 mol) the solutions of hydrazine hydrate 98% (0.02 
mol) and 37% formaldehyde (0.04 mol) both taken in (25 mL) methanol were 
added gradually and simultaneously over a time period of 15 minutes. The 
resultant mixture was refluxed for 15 h leading to the isolation of solid 
product. The product was filtered, washed several times with methanol and 
dried in vacuo. 
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Synthesis of Dichloro (1,3,5,9,1 lJ3-hexaaza-3Jl-NyN'-diamlnocyclo-
decahexane)metal(II) {M = Co(II), Ni(II) and Zn(II)}; [ML^Chh 
(]y3y5,9,lI,13-hexaaza-3,ll-N,N'-diaminocyclO'decahexane)copper(II) 
chloride; fCuL^JCl2> 
A similar procedure was followed to synthesize these complexes except that 
the metal salts used were chlorides and the diamine used was 1,3-
diaminopropane (0.02 mol). 
Physical Measurement 
The elemental analyses data were obtained by using Elementar Vario EL III 
Carlo Erba elemental analyzer. The FT-IR spectra (4000-200 cm"') were 
measured as KBr/CsI discs using a Perkin-Elmer 2400 IR spectrophotometer. 
The 'H N M R spectra were recorded on a Jeol Eclipse 400 NMR spectrometer 
in DMS0-d6. Metals and chloride were determined by volumetric and 
gravimetric methods, respectively [24,25]. The electronic spectra of the 
complexes in DMSO were recorded on a Pye-Unicam 8800 
spectrophotometer at room temperature. Magnetic susceptibility 
measurements were carried out using a Faraday balance at 25°C.The EPR 
spectra of solid complexes at room temperature were recorded on a Jeol JES 
RE2X spectrometer fitted with 100 KHz field modulation. The electrical 
conductivities of lO'^ M solutions in DMSO were obtained on a digital APX 
185 conductivity bridge equilibrated at 25±0.01''C. 
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Results and Discussion 
A series of 14 and 16-membered hexaazamacrocyclic complexes of types, 
[ML ' (N03)2 ] , [CUL'](N03)2 and [ML^Cy, [CuL^JCb where [M = Co(II), 
Ni(II) and Zn(II)] have been synthesized by template condensation of 1,2-
diaminoethane or 1,3-diaminopropane and hydrazine by formaldehyde in the 
presence of metal ions in 2:2:4:1 molar ratio (Scheme 1). All the complexes 
are microcystalline, stable in air and are soluble in DMF, DMSO and THF. 
However all efforts failed to grow single crystal suitable for X-ray 
crystallography. 
Elemental analyses (Table 1) agree well with the proposed stoichiometrics of 
the complexes. The low molar conductance values of all the complexes in 
DMSO at room temperature support the non-ionic nature of the complexes 
except for the copper complexes which show ionic nature. These complexes 
were further investigated and characterized by IR, ' H - N M R , electronic 
spectra, magnetic susceptibility and EPR studies as mentioned below: 
IR Spectra 
The IR spectra (Figure 1) of the complexes exhibit characteristic bands of the 
expected functional groups (Table 2). The IR spectra of the complexes show 
the presence of sharp band in the 3210-3260 cm'' region, assignable to the 
coordinated secondary amino stretching mode [26], indicating that the 
proposed condensation has occurred. The absence of a band in the 1720-1740 
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cm"' region characteristic v(C=0) of aldehydic moiety further confirms the 
condensation. The complexes also show medium intensity bands of pendant 
primary amine groups appearing in the 3400-3475 cm'' region. Ail the 
complexes show bands in thi^  1140-1180 cm"' and 2930-2960 cm"' regions, 
which may be assigned to v(C-N) and v(C-H), respectively. The sharp band 
in the 410-450 cm"' region for all the complexes can be assigned to v(M-N) 
[21]. However, a sharp band appearing around 947-970 cm*' in all the 
complexes may be attributed to N-N stretching mode [27]. The coordination 
of nitrato and chloro groups have been ascertained by the appearance of bands 
in the 230-240 cm"' and 270-300 cm'' regions which may reasonably be 
assigned to v(M-O) of the O-NO2 group and v(M-CI) in [ML'(N03)2] and 
[ML^Cl2] complexes, respectively. The spectra of the complexes show 
additional bands in 1230-1260, 1040-1080 and 870-890 cm*' regions 
consistent with monodentate coordination of the nitrato group [28]. 
' H N M R spectra 
The 'H N M R data for Zn(II) complexes show a multiplet in the 5, 7.10-7.16 
region , which may be assigned to the secondary amino protons (C-NH-C; 
4H) of 1,2-diaminoethane or 1,3-diaminopropane moieties. However, a 
singlet in the 6, 5.10-5.18 region may be attributed to the pendant primary 
amino protons (N-NH2; 4H). A multiplet observed in the 5, 2.70-2.96 region 
corresponds to methylene protons (N-CH2-C; 8H) adjacent to the nitrogen 
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atom of the amino moiety. Another multlplet at 5, 1.98, may reasonably be 
assigned to the methylene protons (C-CH2-C; 4H) of the 1,3-diaminopropane 
moiety. A mulitplet observed in the 5, 3.15-3.25 region may be attributed to 
the methylene protons (N-CH2-N; 8H). 
Electronic spectra and magnetic data 
The electronic spectra of cobalt(II) complexes (Figure 2a; Table 3) exhibit 
three bands discerned in the 9,090-9,000, 16,750-17,000 and 21,600-21,850 
cm'' regions assignable to the '*Tig(F)->'*T2g(F), ''Tig(F)-*'*A2g(F) and 
^Tig(F)—»'*Tig(P) transitions, respectively corresponding to the octahedral 
geometry around the cobalt(II) ion [29,30]. The observed magnetic moment 
values of 4.54 and 4.56 B.M. for [COL'(N03)2] and [CoL^Cb] correspond to 
high spin state of Co^ *^  ion which further support the octahedral geometry. 
The electronic spectra of the nickel(II) complexes (Figure 2b) show two 
distinct bands in the 11,200-11.400 and 17,500-17,600 cm"' range comparable 
to the spectral features of octahedral nickel(II) complexes (Table 3). These 
bands may reasonably assigned to ^A2g(F)— •^'Tig(F) and ^A2g(F)->^T|g(P) 
transitions, respectively [31]. The observed magnetic moment 3.08 and 3.11 
B.M for [NiL'(N03)2] and [NiL^Cy further corroborate the electronic 
spectral findings. 
The electronic spectra of the copper(II) complexes (Figure 2c) show a broad 
band centered at ca. 16,000 cm"' assignable to ^Big-*^A|g transitions. 
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However, two weak shoulders appearing in the 12,200-12,650 and 21,450-
21,700 cm'' regions may be ascribed to B^jg—^^ B2g and ^Big-+^Eg 
transitions, respectively, characteristic of a typical square planar geometry 
around the copper (II) ion [30]. The observed magnetic moments of the 
copper(II) (Table 3) confirm the square planar environment around Cu^ "^  ion. 
EPR Spectra 
The EPR spectra (Table 3) of the powdered solid copper(II) macrocyclic 
complexes were recorded at room temperature and their gn and gx values have 
been calculated. Both complexes exhibit an approximately similar single 
broad absorption band. The absence of hyperfme lines in these complexes 
may be due to the strong dipolar and exchange interactions between the 
copper(II) ions in the unit cell [32]. The calculated gy and gx values 2.15 and 
2.18 and 2.04 and 2.05 for [CUL'](N03)2 and [CuL ]^Cl2, respectively, suggest 
that ^Big is the ground state having an unpaired electron in the dxV orbital 
[33]. The g|| < 2.3 indicate an appreciable covalent character while the 
calculated G values of 3.60 and 3.75 using the expression G = (g^  -2) / (gi -2) 
for the above complexes indicate significant exchange interaction between the 
Cu^ ^ ions in these complexes [34]. 
Antimicrobial Screening 
The antimicrobial activity of the 14 and 16-membered hexaazamacrocyclic 
complexes of Co(II), Ni(ll), Cu(II) and Zn(II) was determined on Candida 
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(Sh^^ 
albicans, Cryptococcus neoformans. Salmonella typhimurium and 
Escherichia coli respectively, by using agar well diffusion method [35,36]. 
The YPDA or the YPAA was inoculated with the given fungi {Candida 
albicans and Cryptococcus neoformans) by spreading the fungal inoculum on 
the media plate. Wells (5mm diameter) were punched in the agar and loaded 
with the 5 mg/mL samples of the Co(II), Ni(II), Cu(II) and Zn(II) complexes. 
Blanks containing neat solvent, DMSO (negative control) were also run 
parallel in the same plate. The plates were incubated at 37 °C for 48 h and 
antifungal activity determined by measuring the diameter of the zone of 
inhibition. The relative antifungal potency of the given preparation was 
calculated by comparing its zone of inhibition with that of the blank. 
Similarly, antibacterial activity was determined using NB agar inoculated by 
the given bacteria (Salmonella typhimurium and Escherichia coli) and was 
incubated for 24 h at 25 °C. 
These compounds exhibited activity at the concentration dose of 5 mg/mL 
(Figures 3 and 4) comparable to the antimicrobial activity against various 
pathogens, by disc diffusion technique [37] shown by the tetradentate 12-
membered macrocyclic compounds. 
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INTRODUCTION 
Polyamine macrocycles are ligands of overwhelming interest and extensively 
studied due to their ambivalent characteristics, novel structures and various 
applications [1-3]. The initial interest in these compounds arises for their 
potential as small-molecule analogues of the active sites of haemoproteins and 
metalloenzymes [4,5]. A large number of polyaza macrocycles have been 
reported [6-9] and their synthetic, kinetic and structural aspects have been 
widely studied. A variety of polyaza macrocycles of different ring sizes have 
been synthesized by conventional methods [10-12]. The tetraazamacrocyles 
are the most studied due to the thermodynamic stability and biological 
importance, as they can mimic some of the essential functions of enzymes and 
proteins by providing suitable binding sites [13,14]. The macrocyclic ligands 
having higher number of nitrogen donors may bind simultaneously more than 
one metal ion to give polynuclear complexes. A number of macrocyclic 
moieties with six nitrogen donors usually provide an intermediate situation in 
which both mononuclear and dinuclear complexes coexist with relative 
percentages depending on the metal: ligand molar ratio [15]. Metal complexes 
of some binucleating hexaaza macrocycles form host-guest complexes with a 
range of anions such as maleate, pyrophosphate and triphosphate [16]. In 
addition they can display catalytic activity in the hydrolysis of phosphate 
derivatives [17] and peptides [18]. There have been many studies of the acid 
catalysed dissociation of mononuclear complexes [19]. The introduction of 
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pyridine as a spacer is interesting by itself since the sp pyridine nitrogen 
participates in the binding of the metals and can be a hydrogen bonding 
acceptor group [20]. Pyridine-containing macrocycles are readily accessible to 
versatile platforms that give rise to a variety of structural motifs, including 
mono-and di- compartmental cycles, three dimensional cages, stericaliy 
enforced macrocycles and ligands with additional functional groups attached 
to the macrocycles [21,22]. Recently the 20-membered octaazamacrocyclic 
complexes were reported [23] by the reaction of 2,6 diacetylpyridine and 2,6-
diaminopyridine. The present chapter deals with the synthesis and 
characterization of 18-membered hexaazamacrocyclic complexes derived 
from template condensation reactions between a,a'-dibromo-o-xylene and 
2,6-diaminopyridine in the presence of Co(II), Ni(II), Cu(II) and Zn(II) ions. 
Experimental 
The metal salts MXz.nHzO, CuXz.nHjO ((M = Co^ "" and Ni^ ^ ; X = CI" or 
NOj' ; n = 2, 3 or 6) ZnCb, Zn(N03)2.6H20 (all E. Merck) were 
commercially available as pure reagents. The chemicals 2,6-diaminopyridine 
and a,a'-dibromo-o-xylene (both Aldrich) were used as received. Methanol 
(AR grade) was used without fiirther purification. 
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Synthesis of Complexes: 
Synthesis ofdichloro (2,4:1 l,13-dipyridyl-7,8:16,l7-dibenzo-l,3,5,10,12,14-
hexaazacyclooctadecane) metal(II) {M = Co(II), M(H) andZn(U)}; 
fMLCliJ, (2,4:1 J,13-dipyridyl-7,8:16,17-dibenzo-l,3,S,10,12,14-hexaaza' 
cycloociadecane)copper(II) chloride; [CuL]Cl2 
To a stirred methanolic solution (50 cm )^ of metal salt (0.01 mol) was added 
methanolic (30 cm )^ solution of 2,6-diaminopyridine (0.02 mol) drop-wise 
and kept for stirring for 1 hour. Then a solution of a,a'-dibromo-o-xylene 
(0.02 mol) in methanol was added slowly in about 15 minutes. The resulting 
mixture was refluxed for 15 hours leading to the formation of solid product. 
This solid product was filtered off, washed several times with methanol and 
dried in vacuo. 
Synthesis of dinitraio (2,4:1 l,13-dipyridyl-7,8:16,l7-dibenzo-'l,3,5,10,12,14-
hexaazacyclooctadecane)metal(II) { M = Co(II), Ni(II) and Zn(II)}; 
lML(N03)2l, (2,4:ll,13-dipyridyl-7,8:16,17-dibenzo-l,3,5,10,12,14-hexaaza-
cyclooctadecane)copper(II) nitrate; lCuL](N0^2 
The procedure was similar to the one mentioned above, only nitrates of 
cobalt, nickel, copper and zinc were used instead of chlorides. 
Physical Measurements 
The elemental analyses data were recorded using Perkin Elmer-2400 C, H, N 
analyzer, the FT-IR spectra (4000-200cm'') were recorded as KBr/CsCl 
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pellets on Perkin Elmer 2400 spectrophotometer and the 'H-NMR spectra on 
Jeol Eclipse 400 NMR spectrometer in DMSO-de- Metals and chloride were 
determined volumetrically [24] and gravimetrically [25] respectively. The 
electronic spectra of the complexes in DMSO were recorded on a Pye-
Unicam 8800 spectrophotometer at room temperature. Magnetic susceptibility 
measurements were carried out using a Faraday balance at 25°C and EPR 
spectra were recorded on a Jeol JES RE2X EPR spectrometer. The electrical 
conductivity of IO'^'M solutions in DMSO were obtained on a digital APX 
185 Conductivity bridge equilibrated at 25±0.0rC. 
Results and Discussion 
A series of 18-membered hexaazamacrocyclic complexes of type, [MLCI2], 
[CuL]Cl2 and [ML(N03)2], [CuL](N03)2 [M = Co(II), Ni(II), Zn(II); L=(2,4: 
ll,13-dipyridyl-7,8:16,17-dibenzo-l,3,5,10,12,14-hexaazacyclooctadecane)] 
have been synthesized by template condensation reaction between 2,6-
diaminopyridine and a,a'-dibromo-o-xylene in presence of metal ion in 2:2:1 
molar ratio (Scheme 1). All the complexes are microcrystalline in nature, 
stable to the atmosphere and are soluble in DMF, DMSO and THF. However, 
all efforts failed to develop single crystal suitable for X-ray crystallography. 
These complexes were characterized by IR, 'H-NMR, electronic spectra, 
magnetic susceptibility and EPR studies. Elemental analyses (Table 1) agree 
well with the proposed stoichiometry of the resulting complexes. The low 
molar conductance values of all the complexes (Table 1) in DMSO at room 
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Where, M = Co(II), Ni(II), Cu(II) and Zn(II); X = CI or NO3 
n = 2, 3 or 6 
Scheme 1. Synthetic scheme and suggested structure of macrocyclic complexes. 
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temperature support the non-ionic nature of the complexes except the ionic 
nature in copper complexes. 
IR Spectra 
The formation of the macrocycle and the presence of expected functional 
groups in the macrocyclic framework have been interpreted in terms of 
characteristic bands in the IR spectra (Table 2). The IR spectra of all the 
complexes show presence of sharp band in 3200-3270 cm'' region assignable 
[26] to the coordinated secondary amino stretching mode indicating that the 
proposed condensation has occurred. The further evidence regarding it has 
been indirectly confirmed by the absence of bands characteristic of the NH2 
groups of 2,6-diaminopyridine. All the complexes exhibit a new medium 
intensity band in 1155-1165cm'' region which may be assigned to v(C-N) 
resulted due to the condensation of the bromo moiety of a,a'-dibromo-o-
xylene with amino group of 2,6-diaminopyridine. The CH stretching 
vibrational modes appeared at the expected positions. All the complexes show 
ring vibrations [27,28] in 408-415 cm'' (out of plane ring deformation) and 
605-612 cm"' region (in plane ring deformation) characterstic of free pyridyl 
group indicating the non-involvement of pyridine ring nitrogens in 
coordination with the metal. The bands corresponding to phenyl group 
appeared at their estimated positions. However, a strong intensity band in 
455-465 cm'' region may be ascribed [29] to v(M-N) vibrations. The 
coordination of nitrato and chloro groups have been confirmed due to the 
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appearance of bands in 220-240 cm"' and 270-290 cm"' region whicii may be 
assigned [30] to v(M-O) of ONO2 group and v(M-Cl) respectively. 
Additional bands around 1230, 1045 and 875 cm'' correspond well with the 
monodentate nature of the nitrato group [31]. 
'H-NMR Spectra 
The 'H-NMR spectra of [ZnLCb] and [ZnL(N03)2] exhibit multiplet in the 
regions 5, 6.65-6.67 characteristic [32] of the secondary amino protons (C-
NH-C; 4H). However, a triplet in the region 5, 7.73-7.75 and a doublet in the 
region 5, 7.50-7.53 may, reasonably, be assigned [33] to pyridine ring protons 
Ha and Hb of para and meta positions. The proton resonance peaks expected 
for phenyl ring protons could not be well resolved due to their close proximity 
with pyridyl ring protons in the region 6, 7.15-7.19 and 5, 7.35-7.40. 
However, a multiplet observed in the 5, 2.80-2.96 region, reasonably, be 
ascribed to methylene protons (C-CH2-N; 8H). 
Electronic Spectra and Magnetic Moment Data 
The electronic spectra and magnetic data of the hexaazamacrocyclic 
complexes are summarized in Table 3. The electronic spectra of cobalt(II) 
complexes showed two bands in the 21500-21800 and 18350-18500 cm'' 
region assignable to the ^T,g (F)-»''T,g (P) and ^Tig ( F ) ^ % g (F) transitions, 
respectively, similar to octahedral geometry around the cobalt(II) ion [30,34]. 
However, a poorly resolved weak band usually appear around 9000 cm'' 
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region may be assigned to ''Tig (F)-+'*T2g (F). The magnetic moment values 
for the cobalt complexes at room temperature were found to be 4.52 and 4.53 
B.M. confirming that ''Tig is the ground state in these complexes. 
The complexes of nickel(II) exhibit three bands in the 24450-24520, 13460-
13500 and 11200-11250 cm'' regions assignable [34] to ^Ajg (F)-^^Tig (P), 
A^2g (F)^^Tig (F) and ^A2g (F)-^^T2g (F) respectively, characteristic of 
typical octahedral nickel(II) complexes. The geometry has been further 
confirmed by the observed values of magnetic moment. 
However, the copper(II) complexes exhibit three bands in the 21850-21900, 
16500-16540 and 12425-12450 cm'' regions assignable to ^Big -> ^Eg, ^Bjg 
-^ ^Aig and ^Big —> B^2g transitions, respectively, suggesting a square planar 
geometry around the copper(II) ion [34]. The observed magnetic moment 
values of the copper(II) complexes, 1.87 and 1.89 B.M. further support the 
square planar geometry. 
EPR Spectra 
The EPR of copper(II) macrocyclic complexes were recorded at room 
temperature and their gy and gi values (Table 3) have been calculated. The 
solid spectra are axial with g|| > gi > 2.02, typical of a copper (II) d^  ion in 
axial symmetry with the unpaired electron present in the &^.^ orbital [35-37]. 
The absence of hyperfine lines in these complexes may be due to the strong 
dipolar and exchange interactions between the copper(II) ions in the unit cell 
132 
[38]. Both the complexes studied, show gy < 2.3. It should be noted that for 
ionic environment, gy > 2.3 whereas, for a covalent environment gy < 2.3, 
indicating that the present complexes exhibit appreciable covalent nature. The 
g values are related by the expression G = (gy-2)/(gi-2) which suggest [39] an 
exchange interaction between copper centers in the polycrystalline solid. In 
the present case, the axial symmetry parameter, G, lies in the range 2.57-3.0, 
which indicates a considerable exchange interaction among the Cu^ ^ ions in 
these complexes with G values less than 4. 
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